
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 388 929 

Al 



© Application number: 90105357.9 
© Date of filing: 21.03.90 



EUROPEAN PATENT APPLICATION 

© Int. CI.5: G01C 19/72 



® Priority: 23.03.89 JP 72764/89 

© Date of publication of application: 
26.09.90 Bulletin 90/39 

© Designated Contracting States- 
DE FR G8 



© Applicant: JAPAN AVIATION ELECTRONICS 
INDUSTRY. LIMITED 
21-6, Dogenzaka 1-chome 
Shibuya-ku Tokyo(JP) 

© Inventor: Okada, Kenichi 
5-536-10, Nagafuchi 
Oume-shi, Tokyo(jP) 
Inventor: Tanigawa, Shu 
TK Manshon No. 203, 3-6, Katanawa, 
Nakagawamachi 
Chikusfii-gun Fukuoka(JP) 
Inventor: Nishino, MasashI 
3-13-4. Igusa 
Suginami-ku, Tokyo(JP) 

® Representative: Blum bach Weser Bergen 
Kramer Zwirner Hoffmann Patentanwalte 
Radeckestrasse 43 
D-8000 Munchen 60(DE) 



© Fiber optic gyro. 



ramp voltage (Rp) controlled in polarity and requencl h '"'"^"'"^ "''^'^ '^"'^ ^ 

generated. The ramp voltage (Rp) is applied to the oSe mndT^^ P*^^^^ 
Shift Of light thereby is 2. k rad (where k = f /"^^ f J^^d^'^^; ^ to control it so that a maximum phase 
modulator, a peak value control circuit (60) creat;s a 'referencTvo IVr'^^f °' 
temperature sensor (50) and controls the peak va ue of the ramn S h . ' ^ 
r- ensuring that the maximum phase shift of toht in tSe 11.1 --amP voltage by the reference voltage, thereby 
«t temperature changes. ^ * ^^^'^ modulator (24) Is always 2n k rad regardless of 
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FIBER OPTIC GYRO 



BACKGROUND OF THE INVENTION 

T^iZ7Z'"""'°" '° ' closed-ioop-type zero-system fiber optic gyro 

a ramp voltage for phase modulation is applied rthTpha e Zu^^^^^^^^ 

between two rays of light propagating through the ptical ftr cora phase diffL" ''''' ''^'^'"^^ 
light which propagate through the optical fiber coil and t ^ t difference between two rays of 

'S at one and the other end l/f nd I7b thlreof e '^^^^^^^^^ °^ T ^ 
right-handed light 17a and 17b, the eafter beino T ''"'"^''^ therethrough as left-handed and 

Of light 18a and IBb are suppled to the op^^^^^^^^ °' '''^^^ '''' 

and the resulting interference ligh^9 is app Ld l^a he^^ " '''' '"'"'^^^ ^^^^ 
photodetector 21. whereby it is converted into ^nt^t ^ ^^e optical coupler 13 to a 

.0 is provided between the op cal sp itte^couc er 1 ^^^^^^^^^ °" ''''' ''''' ^ ^'^'^ -o<^^'ator 22 

and is supplied with a bias voltag^rtfora "ias voi^ar^^^^ °' '"'^^ 

enters the optical fiber coil 17 at the te^mL ino el lyf T^^^^ Consequently, the light 16b which 
terminating end 17b of the optica Hber d 1 7 to the ont>T ^^P"^^ ^^^^ ^^e 

through the coil 17 are phase^hifted e o ea', ottr F^r^'heTT nf^ " 
25 between the optical splitter/coupler 15 and the terminat nn .nH ^7 V. P^°^'^^<^ 
supplied with a ramp voltage Rp from a ramn vnT ^ ' °^ ^''^ ^^^^ ^^d is 

enters the optical fiber 00(^,7 i s termTnTtL^^e^^^ Consequently, the light 16a which 

terminating end 17a of the optica f ber co 1 7 to thP Jr T T ^^^'^^ 
through the coil 17 are phastshift^d Th: J, Put vo tag^V ^^f'^r^"?: ^"^^ '^^'"^ P^^^^ated 
30 synchronous detector 41 which forms a phase dlrele detect Ud P^°"''"'' ^° ^ 

synchronously detected by the bias voltage sl Trom thP hf.t . ^° ""^^^^ 

voltage Vb which corresponds to the ohase d lTnn' . ^= ^ ^^^"^'^ °f this, a 

coupled together by the^ptical s^erXle Trifdl:^^^^^^^^^^^ "^'^ 
applied to a PID (Proportional plus Integral plus Deri vSiveT fit r^p'rH ^V^'^^^^ronous detector 41 and is 
35 that is. the output voltage Vo of the phase dZr^nrTn T . ""^P"* the PID filter 42. 

voltage generator 30. Controlling the' po arirand f^cu^^^^^^^^^^^ ''''' ^P^"^^ ^° the ramp 

difference A <i> is reduced to zero frequency of the ramp voltage Rp so that the phase 

operlSntt^t 7TZrZ gyTso ta'tte'' f'^'^'''' '^^^^ ^ ^ 

^0 -o^~ -chronous detector 41 

where K is a constant. 

« .he app„ca6o„ of ,he ramp ™„age Rp ,„ the phase Idi/sra' otots " * ' 

AS is wen-known, the Sagnac phase difference A . . is expressed as follows: A « ^ = ±^ , 

50 Where R is the radius of the optical fiber coil 17 L is thP i^n^fh . 

0, p.pa,a.e. .e' oUaltrc^, ^a^^^'^ .^V- - 

s*?;nrrara'rrmL~::;=*: « - -pp^^ - o. 

.e,ec« .Ch .a. w... o, .he p.ee °' !^:;;:-~'S='S I: ^/^ .ret 
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= £ 1 t 2...), in general and usually 2^ rad ,eft-handed direction and the Sagnac 

For example, where the mput ^'^^^'^'''^l^^XZ^^^ controlled to be a positive sawtooth voltage 
phase difference A 0 . goes nega^ve. ^^.^Jf "^P;^^^;, circuit 40. In this instance, the phase 

by the output voltage Vc of the phase d.ffe ence ^f^l^^^J^"^^ the optical fiber co.l 17 at 

sh,ft * which is caused by the phase the phase modulator 24 in the light I8b 

,ts terminating end 17a. and the phase ^'^'^ end 17a of the optical fiber coil 17 

..h,ch ,s applied to the optical =P''«^^'^°;;P'^ J^'J;°'^.^'33tlated by the solid and broken lines at the 
after propagating therethrough, bear such a ^-^'P/^ ^^c^^ ,e3J.ts from the application of the ramp 
lower left-hand side m F,g. 1, and the phase d'«erence^ o o ^ ^pp,.^^ ,^ ^^,3 

.oitage Rp to the phase modulator 24 J^'^^ ^^'"g'ot positive, the ramp voltage Rp is 

r,ght-handed direction and the Sagnac phase '^f^^^""^ /; t^e ohase difference detect and 

r'',»'pe,,od and .,e,uen=y 0, ..e ramp ,o,,a,e Rp be -ep«sa„,sd Pv T and ,, .espeCvely. 

it follows that 

A o 0 = 2k ^ - = 2k. • r • f (4) 

^ Stl^r;'-™- Of light in the optica, fiber coi. 17 be represented by n. the following relationship 
exists: r =- <5) 
Hence, it follows that 



2k-a: • nL 

C 47C RL 



2k.x • nL 



(7) 



The input angular velocity n is given as follows: 



direction and the ramp voltage Rp Becomes a pos^ttve '^^^^^'^^B nght-handed direction, i.e. the 

integer. . ^ . ,„^,,iar vPinritv n can be measured from the polarity 

Thus, the direction and magnitude of the input angular velocity 
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and frequency f of the ramp voltage Rp. 



e.ec:::^^^,~^^^^^^ .n.s., t.an.. .to an 

applied. The phase shift amount of light by such a ohasp mn^f , f " '"""^^ niodulation use is 
5 the electro-optic constant . of the elLlo-optrc^ystal and tS" " '° '''''''' - 

constant . is temperature dependent and has a Zl! T ^^ ^^"^ '^^^ electro-optfc 

somewhat different according to the di ection o^^ °^ PP^'°C though 

amount of light in the Phase Ldulato vals : h P'^-« 
in the prior art fiber optic gyro described abov ^im resTecHo F o T 
w he ramp voltage Rp which is applied to the phaL modulator 24 f mm tH ^'""""^ °' "^'"'"^"'^ ^""^^ 
f.xed at such a value that a maximum phase shm of liahMn hl nh * f '"'^'^^ 9^"^^^*°^ ^0 is 

■s 2k, rad at a specified temperature of is'^fo examp e H^ nc! "fTT ^^^^ 
gyro, and consequently the temperature of the phaserodula'or 24 °f "ber optic 

ow,ng to an environmental change, the electro-op^c const n of t^^^ 
'S phase modulator 24 changes, resulting in the maximum 'j!, ^'^^*^°-°Pt'<= ^^V^tal forming the 

consequence, the relationship between the np^anruirvT f o'" f"" '"""'"^ ^ k . rad. In 

Rp. defined by Eq. (7) or (8)'s lost, irducTng a sea e' c ortr^^^^^^ '^^^^"^^ ' -'^age 

Fig. 3 Shows the scale factor error in the convtnt onal ffb^ o . °^ "'"^ Sy--^- 

of the ramp voltage Rp was set so that i^e ZZuTotlse s^T ' m°k" ^'^'^ ^^^^ ^^'^^ 

temperature of the fiber opt,c gyro is 15 . 70 'c That fs ^S T.'^' 

deviates about 3.5% from t 2 . rad and the scale farl L. '^^ "maximum phase shift 

case where the ramp voltage Rp is a sawt^c^h voltanr . ^ . " ? approximately 0.06%. m the 

in the sawtooth voltage, in PractL; st'C l^^^^^^^^^^^^^^ ^ flyback time ex.sts 

scale factor error occurs in the output of the fS optfc a!ri Rn V^''''"^'' temperature and a 

as Of the ramp voltage Rp was selected as short as 50 na ec S that thT. - T "'"^ ''''''' 

t.me of the ramp voltage Rp would be negligibfy smaN Henrf h , f ^ '^^ ^V^ack 

almost due to the deviation of the maxlmum'phfse sXroT'zT'J " "'S- ' - 

30 SUMMARY OF THE INVENTION 

oyJ^in : Sirsrti^sf -rr fiber optic 

temp;ratu~r;:r?en:- ^^^^^^^^^^^^ --^'"9 to the present invention includes a 

the peak value of the ramp vo?a e acco din^'t out^^^^^^^^ "'^^ ''^''^ -^'^^ controls 

Phase shift of light in the phase modulato supp ed w th th^ rl ' ^^^^^^^^"^^ that the maximum 

^0 regardless of the temperature of the gyro when^stavs within ""^ ^f" " ^^'"P'^ 
According to such a fiber optic gyro oTthe oretn. n . ^'^"^^'^'^^^^^ temperature range, 
is controlled so that, the maxilm' pha 1 ^s^lH t t'^ ^ 

voltage is an integral multiple of 2. rad witl I ^edeterminS ' ^^^P 
temperature of the gyro, its output is almost frorscl Sctofel^'r"! ""^^ "^"^'^^^ 
constant of the phase modulator supplied with the ramp voH^e ' ' ^^n^Perature change in the 



^"'^^ DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a block diagram showing a conventional fiber optic gyro- 
depicte^'ln Fi;%^ ''''' '^'^'^ ^^^^-^ ^'^9- ^or explaining the operation of the fiber optic gyro 

embod-?j4r^-"-~^ 
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DESCRIPTION OF THE PREFERRED EMBODI^^ 

of a Lar phase ramp memod emp.oy.ng a '^^^^J^^^' Xe Ug.^ source 1U the optica, coupler 13. 
identical w.th the prior art example of F.g " ^ ^0.1 17. the photodetector 21, the phase 

the polarizer 14, the optical splitter coupler 15 .he opt ca^ t oe ^^^^^^^ ^^^^^ 

descnbed later. electro-optic crystal where electro-opt.c constant . has a 

The ramp voltage generator 30 m th.s examp e compnses a cap ^^^^^^^^ ^^^^^^^^^ 

...erebv the output voltage Vc. which -s t e .nput voltage to he ^ 9 ^^^^^^^^^ ^ 
into a current for input into the capaator 3; ' ^ ^^'f ;;';3p,,,,, 31 with a positive reference voltage 
comparator 35 for compar.ng the chargmg voltage of^he c p ^ ^^^3,^3 

.Vpr. a voltage comparator 36 for ^o^^^;^^?'''^^^^ voltage comparators 35 and 36. and a 

reference voltage -Vmr. an OR gate 37 for ORmg he Pu s 0 t ^^^^^^ 
monostable muitivbrator 38 wh.ch -s ^"f^;^^,,'^/^^^;^,^ phase difference detect and control crcu.t 40 
ON state for a short t,me. When the -^^^"^^f ^^^^/^^'^^^ charging voltage reaches the reference 
is pos.tive, the capacitor 31 is charged ^^^'^f^;^;^^ ^^^^^^^^ 
2, voltage Wpr. the output of the '^^'^^f ^^°"^P"l"'°;3''/;33^° of Sis. the switch 33 is held ON for a short 
high triggering the monostable -^-^^"^'^Hl^^ andtereafter it is charged again. Thus, a pos.fve 
time, during which the capacitor 31 is ^'^''''^'f^^^!;2,'^^^^ voltage -Vpr. is developed as the ramp 
sawtooth voltage whose ---^-;Xe:^^o pu vo"^^^^^^^^ the'phase difference detect and contro 
voltage Rp across the capacitor 31. W en '^^^^^^^l^J^^^ 3,, „,en the charging voltage reache the 
.0 circuit 40 iS negative the capacitor 31 .s chargeo consequently the output of the OR 

' lZe.ce voltage -Vmr. the output of the voltage cor^pa a or 35 nd - g^^^ ^^^^ ^^^^^^ 

gate 37 goes high, triggering the monostable mu t -^^^^^^^^ ^^^^^^^^^ , ^3 charged again. Thus a 

state and m the resistance during ,ts O^^^^^e muLibratof 38 i^^^^^^^ such that the ON-state period of the 
33. Further, the time constant of the monostable ^^^^^^ ^^^.^.^^.^ 3,,,, example, 50 nsec or so. 
switch 33, that is. the flyback penod of the ^^^P J^'^^^e ^ ^^^^^^^ ^^^^^^ gO. 

.0 The present invention employs a ^^-^Pf ^^^^^f .':'°;3° ^"3 the fiber optic gyro, in particular, the 
The temperature sensor 50 is '^^^^'I'^'^'^^ZT^^^^^^ may preferably be disposed near the 
temperature of the phase modulator 4. The ^mperature s^^^^^^^ 5 ^^^^ ^^^.^ that 

phase modulator 24 but may also l^^. f^^^^^*^^.^^!"^^^^^^^^ temperature of the fiber optic gyro varies within 
of the phase modulator 24. Now let it ^^^.^^^"f ^'^^^^^^^^^^ The temperature sensor 50 is 

a range from -54' 0 to ^85 C;-;^^^;;^3^:3t:ar'^ te-perature. for example, zero <the grourKl 

' The pea. value contro. circuit SO is ^ ^^'^^^ 
above temperature dete^ed voyage Vt - ^ the temperature of the fiber 

,s 2k^ rad (where k = il. + 2. ...), i.e. - d ^ rd ^^^^ .54 +85 c .n this 

optic gyro when it stays within a predetermined ^"f ■ ™ ^3^3^ ,p of a voltage source 61 for 

example. The peak value contro. circuit 60 in this e^bo<.'^;;;.;^ ^^3^3^ ,o,age -Vmo, a correction 
providing a positive voltage -Vpo. a ^f^e source 62 *o^ P^°-^^ 9 .^^ ,,3^ the detected voltage 
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and an amplifier 63b for amplifying the detected voltage Vt to provide the correction voltage Vy Provision is 
made for adjusting the gain of at least one of the amplifiers 63a and 63b so that the correction voltages Vx 
and Vy depicted in Fig. 5 are opposite in gradient (opposite in polarity) and equal in magnitude. The output 
voltages of the adder 65 and 66 are used as the reference voltages +Vpr and -Vmr which are applied to 
5 the voltage comparators 35 and 36 of the ramp voltage generator 30 

In Fig. 4 the gain of each of the adders 65 and 66 may be 1. In such a case, when the temperature of 
the fiber optic gyro is 25 C which is the reference temperature, the correction voltages Vx and Vy are zero 
as described later and the voltages + Vpo and -Vmo are provided intact as the reference voltage +Vpr and 
-Vmr to the voltage comparators 35 and 36. Consequently, the peak value or maximum value of the positive 
'0 ramp voltage Rp is the voltage +Vpo and the minimum value of the negative ramp voltage Rp is the 
voltage -Vmo. These voltage values are selected such that maximum phase shifts of light by the phase 
modulator 24 are +2 77 rad and -27T rad, respectively. 

The correction voltage Vx is for correcting the positive ramp voltage Rp and varies linearly as shown in 
F.g 5. .n which the voltage Vx is zero when the detected voltage Vi from the temperature sensor 50 is zero 
5 hat ,s, the temperature of the fiber optic gyro is 25 ' C. and the voltage Vx goes negative and positive when 
the temperature of the fiber optic gyro is above and below 25° C, respectively. In other words, the voltage 
Vx IS proportional to the detected voltage Vt but opposite in polanty. The values of the voltage Vx is 
selected such that when the electro-optic constant y of the electro-optic crystal forming the phase 
modu ator 24 varies with temperature, the resulting change in the phase shift amount of light in the phase 
0 modulator 24 is cancelled. 

The correction voltage Vy is for correcting the negative ramp voltage Rp and is proportional to the 
detected voltage Vt m the came polarity as shown in Fig. 5. The value of the voltage Vy is selected such 
that when the electro-optic constant y of the electro-optic crystal forming the phase modulator 24 changes 
5 cancller'^^'''^' ^^^"^^ ""^ ^^^'^ '^'^ '"'''''"^ °' P^^"^ modulator 24 is 

In the case where the Sagnac phase difference A o 3 is negative and the output voltage Vc of the 
phase difference detect and control circuit 40 is positive and consequently a positive ramp voltage Rp is 
being generated, the peak value of the ramp voltage Rp is the sum of the voltage +Vpo and the correction 
voltage Vx as depicted at the left-hand side in Fig. 6. Accordingly, the maximum value of the ramp voltage 
) Rp IS corrected so that the maximum phase shift of light in the phase modulator 24 is always +2 . rad 
To^i'?M^"'P^'^''''^ ^itt^i" the afore-mentioned range from -54 'C to 

K C- In the case where the Sagnac phase difference A is positive and the output voltage Vc of the 
phase difference detect and control circuit 40 is negative and consequently a negative sawtooth voltage is 
being generated as the ramp voltage Rp. the peak value or minimum value of the ramp voltage Rp is the 
sum of the voltage -Vmo and the correction voltage Vy as depicted at the right-hand side in Fiq 6 
Accordingly, the peak value of the ramp voltage Rp is corrected so that the maximum phase shift of light in 
the phase modulator 24 is always -2 n rad even if the temperature of the fiber optic gyro varies within the 
T:^^ '° "^^^=^^'"9 P°'^^'ty and frequency f of the thus 

Tnn 2 . ''T^l^^ ^ and magnitude of acceleration 

nnE,Sv ° H f ^° P^«'^"'^^ "^^«h°d for measuring the 

polarity and frequency of the ramp voltage Rp is described and shown, because any known methods can 
be used. As described above, no scale factor error is induced in the output of the fiber optic gyro by a 
^emperature change in the electro-optic constant y of the electro-optic crystal forming the phase modulator 

tPmn'I.lt^ ^H°r'.'7rT ''"''^ "°''^9es Vx and Vy are set on the assumption that the 

tempo ature detected by the temperature sensor 50 is equal to the temperature of the phase modulator 24 
TnH^T by the temperature sensor 50 differs from the temperature of the phase 

modulator 24, the maximum phase shift of light in the phase modulator 24 deviates from t 2 ,r rad and a 
temperature change in the electro-optic constant y of the electro-optic crystal forming the phase modulator 

hPtrfirfn"''? ^ . ^""^ °'*P"* °' "'^^^ ^P*"'^ P'-^'^^'^^- however, the difference 

between the ennperature sensed by the temperature sensor 50 and the temperature of the phase modulator 
24 IS so small that the maximum phase shift of light in the phase modulator 24 remains substantially equal 
to - 2 rad, and hence the resulting scale factor error is very slight 

vnitlT "rf," '^"!! ^° '^^y °^ ^" arrangement in which the afore-mentioned reference 

M^rPotlT'p^n .0 ^'^^"'^ ^^^^^^^'^ ^°'*^9^ °f temperature sensor 50. 

ptr. ! ; I T '"'"'^ ''"'^^"'^ ^^^"'^^ ""^ "^'^^^ ^0 be replaced with an 

electric filter having the same function. 

Fig. 7 illustrates in block form another embodiment of the fiber optic gyro of the present invention, in 
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which the analog ramp voltage generator 30 used in the Fig. 4 embodiment is substituted with a digital 
ramo voltage generator 30 which uses a staircase wave. 

The digital ramp voltage generator 30 comprises an AD converter 73 for convertmg the output vol age 
Vc of the phase difference detect and control circuit 40 into a digital value Oc, a d.g.ta ^amp voltage 
5 generator 71 for generating a digital ramp voltage Dp wh.ch uses the dig.ta. value as .s step w.dth. a DA 
converter 72 for converting the digital ramp voltage Dp into an analog ramp voltage Rp and a clock 
generator 74 for applying an operation clock CL to the AD converter 73. the digital ramp voltage generator 
7! and the DA converter 72. The digital ramp voltage generator 71 includes an fder subtrator 71a wh^h -s 
supplied at one input with the output Dc of the AD converter 73 and a latch 71b for holding he output of he 
ro adder subtracter 71a. The output of the latch 71b is provided to the DA converter 72 and the other input of 
the adder subtracter 71a. The adder subtracter 71a is switched between addifve and subtractive operations 
by a sign bit S in the output of the AD converter 73. namely, the addensubtractor 71a performs subtraction 
or addition depending on whether the sign bit S is a "0" or "1 ", for instance. 

When the output voltage Vc of the phase difference detect and control circuit 40 .s appl^d to the dig^al 
.5 ramp voltage generator 30 constructed as described above, the voltage Vc converted by the AD 
onverter 73 into the digital voltage value Dc upon each occurrence of the clocK CL. ^he d.gita vo tage 
value DC is provided to the adder subtracter 71a. together with the sign bit S, by which 'ts addition to 0 
subtraction from the output Dp of the latch 71b. which has latched therein the output of the adder, subtracto 
71a one clock before, is performed in accordance with the state of the sign . . f nl AD 

^0 mstance. m the case where the mput voltage Vc is positive, and hence the sign bit S c^tpuUrom .he AD 
" converter 73 is a "V. the digital voltage value Dc and the output value Dp of the latch 71b are .dded 
together by the adder subtracter 71b. the added result is latched m the latch 71 b. from which .t is output 
upon the next occurrence of the clock CL. In consequence, the output of the latch 7lb Q-dualy mcreases 
by a step of the value Dc upon each occurrence of the clock CL. Yet. when the sum of the 'atest output 
25 value Dp of the latch 71b and the input digital value Dc exceeds a maximum value dependent upon the 
number Of digital (or the number of bits) of the adder/subtractor 71a acting as an adder, the carry is 
discarded, and consequently, the output of the adder.subtractor 71a goes down to a value smaller than the 
value DC Then the cumulative addition by the step of the value Dc is performed again oy the comoination 
of the adder subtracter 71a and the latch 7lb upon each occurrence of the clock CL. starting from the 
30 above-said reduced value, in other words, the digital ramp voltage generator 71 creates a dig. al ramp 
voltage wh.ch sequentially increases stepwise by the value Dc. The maximum value of the ramp voltage Rp 
;s dependent on the number of bits of the addensubtractor 71a. Also in the case where the adder subtracter 
71 a operates as a subtracter, a negative stair step digital ramp voltage is similarly produced. 

The output voltage Dp of the digital voltage generator 71 is applied to the phase modulator 24 afte 
35 being converted by the DA converter 72 into the analog voltage Rp. In this case, the output ^o^age V„ of 
the peak value control circuit 60 is applied as an analog reference voltage of the DA converter 72. The DA 
converter 72 is a multiplying type DA converter, which outputs an analog voltage which is equal to the 
product of the input digital value Dp and the analog reference voltage V„, Since the analog reference 
vouage V« output from the peak value control circuit 60 vanes with the detected voltage Vt of the 
.0 temperature sensor 50, the output voltage of the DA converter 72. that is. the ramp voltage Rp. ajso varies^ 
and consequently, the peak value of the ramp voltage Rp also vares correspondingly. The peak value 
control circuit 60 is designed for adding and amplifying a reference voltage Er from reference voltage 
source 60e and the detected voltage Vt from the temperature sensor 50. In this embodiment, letting the 
resistance values of a feedback resistor 60f and input resistors 60r and 60t be represented by Rf. Rr and 
.5 Rt respectively, and assuming that the gain of an operational amplifier 60a is very large, the output voltage 
V„ of the adder/amplifier or peak value control circuit 60 is substantially expressed as follows: 
Vr = -{(Rf/Rr)-Er + (Rf/Rt)-Vt}, . • c- . 

where (Rf/Rr)-Er corresponds to the voltage Vpo or Vmo in the peak value control circuit 60 in F,g 4 and 
(Rf/Rt)-Vt corresponds to the correction voltage Vx or Vy. By a suitable selection of the value of Rf/Rt, the 
50 Slope of the voltage Vx or Vy shown ,n Fig. 5 can be set as desired. Further, the center temperature in the 
ooeration temperature range can be set as desired by a suitable selection of the value of (Rf/Rr>^ 
incidentally the same circuit arrangement as the adder/amplifier 60 including the operational anipl.f.er 60a 
and the resistors 60f. 60r and 60t can be used as each of the adders 65 and 66 in the peak value control 
circuit 60 shown in Fig. 4. 

55 In the embodiment depicted in Fig. 7, the peak value control circuit 50 may have such an arrangement 
as shown in Fig. 8. In this instance, the relationship between the detected voltage Vt of the temperature 
sensor 50 and the output voltage. V of the peak value control circuit 60 is prestored m a memory 68. the 
detected voltage Vt 5 converted by an AD cconverter 67 into a digital value Dt for input as an address into 
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the memory 



With the use of the memory 68 ft s possib e to oerfnrm °' ^"'^^ ^O. 

temperature as by the correctior, Vo JgeT w^d Vy 5 J ""^"'^ ^^P^^^'"^^*^ '° 

apparent that the peak value control circuit 60 in Fig 4 Iv be imo er^ ^ 

stored therein correction characteristics for temperatrue '"^P'^^^^ted by such a memory which has 

Also m the embodiment shown in Rq 7 the oeak vsImo r.f 
according to the detected voftage Vt of the temoeLurf ,1 '"""^ '"'^^^ '^^^ '^^ 

-n the phase modulator 24 is . 2 Aad ^qardlesfof ^pT '° "^'"'^^'^ ^""^^ °f "9^* 

stays with-n the aforementioned ang of ro. si ' C 8^ c "a "J '''' ^ ' 

output of the fiber optic gyro is almost free from L V.f ^'^^^^^"Sly. also in this embodiment, the 

nrsstrrmrr rr^^^^^^ 

the fun^tronTh^ PIO fr^^^^^^ ^as the same function as the filter 42. and 

AS described above, the pre e t ven ion mcludes thf t" ""-^ ^^'^^^^ ^^^^^^ 

Of the fiber optic gyro and the pea^ alue of.t > JT'^'^'"'' ^^'^^'"9 temperature 

so that the maximum Phase sh ro lght n ^^^hal mo^^^ T'^' *T '''' ^^'^^ °^ ^^"^^ ^'^^^e 
integral multiple of 2 . rad regardLs of hV^Pmn T , ^^"^P ^^'^^Qe is an 

predetermined temperature r nfe This en u e ThJT bstan ^ ^^^^^ ^ 

output of the fiber optic gyro by a temperature r^fnn !. ' "° ''"^ '""^'^'^^d in the 

temperature of the fiber oil ZS:r::^:: ^^-^ -e 

scope:; tr^rc:SsripS::n:!;:^:or"^*'°- - — departing from the 



1. A fiber optic gyro comprising: 
an optical fiber coil; 
a light source: 



optical splitter/coupler means wherebv lioht frnm c:aiH ii^K+ ^ 

fiber coil at the one and the other end respZeiv ' 'd l^r " T "^^^ ^^'^ °P»'-' 

said optical fiber col, in opposite direction rnd ^utt ^f,^^^^^^^^^^^ ['--S P^Pasated through 

photodetector means for detecting said interference SoroT^^^M . '"'^'^^'^ "^'"^ ^^"^^ 
. a^P^ase modulator disposed betLn sa,d ^^c^^S^ r ^^"r.. 

rdVhrLrr-"' "^^"^ ^^"^^^^'"^ ^ -'*^9e for Phase modulation use which is applied to 

other in said optical splitter/coupler mLs ^n w^hlS 7e potr^nV! eir' ^'f '-f ^ ^''^^ ^^^^ 
be generated by said ramp voltage generator are contrnlfn . I f-'equency of sa,d ramp voltage to 
output so that said phase difference ,s 2ml S where m ^ 0 T°l7 ? ''''' "'^"^^"^^ '^'^'^'^^ 

peak value of said ramp voltage acc^d ^ to sai^Ltout oTr'?7' '^°"*^°'""9 
maximum phase shift of light in said phase modu , f ^^^^Perature sensor means so that a 
temperature of said fiber optic gyro when sard ov o tPm T^'^' '^"^ ^^S^^'^'^^^ °f the 

range. ° '^"^ 9^'° temperature stays within predetermined temperature 

voitie's:;:;r^r "r^::e;at:rr;^;^^^^^'- ' ^^^-^ ^-'-^^ — — 

voltage Of said temperature sensor means a /ne^^^^^^^^^ corresponding to said detected 

a negative reference voltage corresponding to s^d'Jrctet'c^tAe^^^^^^ generating 
wherein said ramp voltage generating means \ncT^ril7T ^ ^ '^"^ temperature sensor means, and 
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suppLd wim said P03i«v. '~J^^^,l-^„lfJZ:"ZZor^ ider means supplied ».h said 

c„„en, convede, .eans .p, ^^J::^^^'! "e p'.pu. crren. o, said vo„a5e.cu™n. 

means ,nto a correspondmg current a capac, o supp operational amplilier having a non- 

converter means, lor charging .t; first ^'"O^^" ^^"^ caoacto and an inverting input supplied ».th said 
rnvert rng input supplied with *=f/'9."9 ^oiut^^^^^^^ having an inverting 

-r:„pr-r;s^::=^^^^ 
' -t:;rr;;:=nrr==^^^^^^^^^^ 

output pulses of said pulse generating means^ generating means includes: clock 

5. The fiber opt.c gyro of cla.r^ 1. ^^^J" ^^^^ ^"^rtl^o? c^^^^^^^^ 
generating means for generat.ng a clock ^'Qf ■ X upo" each occurrence of sa,d clock s.gnal: a 

0 ohase d.fference detect and control means .nto ^ f J^^^^age of a step w,dth corresponding to 
d,g.tal ramp voltage generator whereby a ^^^^''^''J^^^ of sa.d clock s.gnal. and a 

. re=ng':'e:n: z^::::::^^^::^^ verge .rom sa. con.ro, 

means as a reference voltage for corivers.on. generator includes: an 

6. The fiber optic gyro of ^-'^'-^ ^ ^^^^^^^ 

adder subtracter supplied w,th the ^utP-t d g tal .o tage of sa d A ^^^^^^^ ^^^^ ^^^^^ 

.oltage of said d>g,tai voltage ^^-a^ ^'rter: and a latch for latch.ng the output of 

sa.d d-gital ramp voltage ^PO^-^-^ °J There^sa^d' JeT value control means mciudes: a reference 

7. The fiber optic gyro of claim ^ or 6^ jherem said P ^^^^^ n^j^, ^33^5 for adding and 
voltage source for generating a fixed ^^f^^^"'^^^ 

35 ampSyng the detected voltage of said '^^^^^^^^'^^^^^^^^ to said DA converter. 

sa.d adder/amplifier means ^-9 app .ed as ^^'^^^^^^^^^^^ ,,ntroI means includes: a second AD 

8. The fiber optic gyro of cla.m 5 or 6 ^^^^^"1 . moerature sensor means into a digital value; a 
converter for converting the detected ^^^^e of sa.d tempe^^^^^^^^ ^^^^ ^^^^^^^^ ^^^^^^^ ^^.^ 

memory having stored there.n a ^^^'^^'^.^^^^^^^^^^ said digital reference voltage read out 

- rsr~si:o ro—rl^ address, for converting sa.d dig.tal reference 

loZe "rr-iog fo?m for output as sa.d conversion reference voltage. 
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FIG. 3 PRIOR ART 
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FIG. 5 





FIG. 6 
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